The platelet membrane glycoprotein lIb/IlIa complex is a member of a family of a/,8 heterodimers that function as receptors for adhesive proteins. In this report we describe the structure of the human ft subunit GPIIIa deduced from an analysis of 4.0 kb of overlapping cDNA sequences isolated from a human erythroleukemia (HEL) cell cDNA expression library. A continuous open reading frame encoding all 788 amino acids for GPIIIa was present. The deduced amino acid sequence included a 26-residue amino-terminal signal peptide, a 29-residue transmembrane domain near the carboxy terminus, and four tandemly repeated cysteine-rich domains of 33-38 residues. An exact correspondence of 128 amino acids from seven human platelet GPIIIa fragments with HEL GPIIIa indicates that HEL and platelet GPIIIa are the same gene product. The HEL GPIIIa sequence was compared with the sequences of the ft subunit for the human LFA-1/Mac-l/ p150,95 complex and human endothelial cell GPIIIa, revealing a 38% similarity with the former and virtual identity with the latter. Northern blot analysis using RNA from both HEL and endothelial cells revealed two GPIIIa transcripts of 5.9 and 4.1 kb. However, HEL RNA, but not endothelial cell RNA, contained a transcript for GPIIb. This indicates that the GPIIIacontaining heterodimers in platelets and endothelial cells are not identical structures, but are members of a subfamily within the human family of adhesion protein receptors sharing an identical ft subunit.
plexes of leukocytes, the VLA complexes present on stimulated T lymphocytes, and the fibronectin and vitronectin receptors found on a variety of cells (5) . Biochemical examination indicates that they are afl3 heterodimers with a subunits analogous to GPIIb, and ,3 subunits analogous to GPIIIa (5) and many interact with ligands containing the Arg-Gly-Asp sequence (4, 6) . Recently, the amino acid sequences for several a and # subunits have been determined by analysis of cDNA and have demonstrated homology among the various a and among the various fi subunits (7) (8) (9) (10) (11) (12) .
We report here the structure of GPIIIa deduced from an analysis of cDNA from a human erythroleukemia (HEL) cell expression library. The HEL cell line originated in a patient with erythroleukemia and has megakaryocyte-like properties, constitutively expressing a number of platelet proteins such as platelet factor 4, f3-thromboglobulin, vWf, GPIb, and GPIIb/ IlIa (13, 14) . Recently, we reported the isolation of cDNA for platelet factor 4, a megakaryocyte-specific protein, and for GPIIb from this HEL library (7, 15) . Comparison of the deduced sequence of HEL GPIIb with known partial amino acid sequences of platelet GPIIb demonstrated that HEL GPIIb is identical to platelet GPIIb (16, 17) . The results described in the present paper indicate that HEL GPIIIa and platelet GPIIIa also appear to be products of the same gene and are essentially identical to the GPIIIa expressed by endothelial cells. In addition, we demonstrate that endothelial cells do not express a gene for GPIIb. These findings indicate that the adhesive protein receptors expressed by platelets and endothelial cells are distinct structures, but share a common (3 subunit.
Methods
Isolation ofcDNA clonesfor HEL cell GPIIIa. Total cellular RNA was obtained from DMSO-stimulated HEL cells using the method of Chirgwin et al. (18) . Poly (A)' RNA was isolated by chromatography on oligo(dT)-cellulose (19) . A cDNA expression library in the vector Xgtl 1 was used as previously described (7) . Phages containing GPIIIa cDNA were identified by screening a lawn oftransformed Escherichia coli Y1090 with monospecific polyclonal anti-GPIIIa IgG. This IgG was prepared by immunizing New Zealand white rabbits with purified, reduced, and alkylated platelet GPIIIa, prepared as previously described (20). Anti-GPIIIa IgG was prepared from immune sera by affinity chromatography on Protein A-Sepharose (Pharmacia Fine Chemicals, Piscataway, NJ). The IgG was incubated with thrombasthenic platelets and purified IIb to remove non-GPIIIa reacting contaminants. Plaques reacting with the anti-GPIIIa IgG were identified using biotinylated goat anti-rabbit antiserum and an avidin-horseradish peroxidase complex to detect the secondary antibody (Vector Laboratories, Inc., Burlingame, CA) (15 16 .8% of the GPIIIa residues (12, 17). When we compared our deduced amino acid sequence for HEL GPIIIa with the partial amino acid sequences of platelet GPIIIa, we found that the sequences were identical, strongly suggesting that HEL and platelet GPIIIa are products of the same gene.
Endothelial cells contain a protein immunologically related to platelet GPIIIa (16, 29) . The amino acid sequence of the precursor for this protein has been deduced from the nucleotide sequences of cDNAs isolated from a human endothelial cell library and is virtually identical to the amino acid sequence we deduced for HEL GPIIIa (12). The HEL GPIIIa precursor, like endothelial cell GPIIIa, contains 762 amino acids, a 25-residue amino-terminal signal peptide, and a putative 29-residue hydrophobic residue domain. The location of this latter stretch of amino acids and of six of seven potential N-linked glycosylation sites defines the likely orientation of the GPIIIa in the plasma membrane, with the majority of the protein extracellular and with a short 41-residue hydrophilic carboxy-terminal cytoplasmic tail. Preceding the transmembrane domain are four homologous stretches of -40 residues that are rich in cysteines and contain a core sequence of CxCxxCxC. Cysteine-rich repeats are also present in the LDL, insulin, and epidermal growth factor receptors where they are thought to be ligand binding sites (30). Heterodimer complexes similar to platelet Ilb/IIIa have been isolated from both human and bovine endothelial cells using antibodies raised against the platelet proteins (16, 32). The smaller protein of the endothelial cell complex is biochemically similar, if not identical, to platelet GPIIIa, with the same apparent molecular weight and the same isoelectric point (16) , and as we noted above, the cDNA sequences of GPIIIa precursors for platelets and endothelial cells are virtually identical. On the other hand, the GPIIb-like component of the endothelial cell heterodimer has an apparent molecular weight slightly greater than platelet GPIIb and a more acidic pI, 
